It is well known that both genetic and environmental factors play a major role in the aetiology of Type I (insulin-dependent) diabetes mellitus. A substantial genetic contribution has long been suggested by the high degree of familial clustering, particularly among first degree relatives [1] . On the other hand, the relatively low concordance rate in monozygotic twins [2, 3, 4] and the increasing incidence in many countries [1] highlights the importance of environmental factors.
The establishment of large, population-based collaborative international registry-networks such as Eurodiab Ace have provided reliable and comparable incidence data on childhood onset Type I diabetes [5] . These international multicentre research networks have produced data showing large differences in incidence rates across populations [5, 6] . The Eurodiab registries have also collected data on diabetes status of the first degree relatives of diabetic children (probands). Diabetologia (1998) 
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In this report we analyse the family history data from these registries and from a subset of registries which have conducted a case-control study (Eurodiab Substudy 2). Both sources were combined to test hypotheses about familial Type I diabetes.
The first hypothesis is that Type I diabetes risk among first degree relatives varies across populations mirroring the pattern of disease incidence. The large, up to eightfold differences in incidence rate across the different European populations make it possible to test this hypothesis.
The second hypothesis is that children with familial Type I diabetes ± that is, having an affected sibling or parent have an earlier onset as compared with children with sporadic Type I diabetes as suggested by previous studies [7, 8] .
Finally, we test the hypothesis first put forward by Cudworth et al (1979) [9] , that there is a preferential disease transmission in Type I diabetes between father and child as compared with mother and child; and the controversial issue of the possible preferential disease transmission from father to daughter and mother to son [10±11].
Study design and data collection
Registry data. Descriptions of the methodology from the first 2 years of registration (1989±1990) have already been published [5] . In brief, 24 Eurodiab Ace centres established prospective geographically-based registries of idiopathic Type I diabetes occurring in children under the age of 15 years. Basic registration data (sex, dates of birth, diagnosis and first insulin injection) were collected. Additionally some centres optionally choose to collect family history data (date of birth, sex, age at onset of Type I diabetes and vital status) for first degree relatives during the 3-year period 1989±1991 either by interviewing the parent or by extraction from the clinical history recorded in the hospital notes. The level of ascertainment (assessed by using secondary sources eg. prescription data) in all these centres exceeded 90 % [5] .
Case-control study. Eight centres (Austria, Bulgaria, Latvia, Leeds, Lithuania, Luxembourg, Bucharest, Northern Ireland) participated in Eurodiab Ace Substudy 2, a case-control study to investigate environmental risk factors. Data collection was by mailed questionnaire or personal interview. Of 1204 children with dates of onset in the period 1989±1995 who were eligible for study, 85.4 % responded, the main reasons for non-response being inability to trace (5.9 %) and refusal (7.1 %). This report makes use only of family history data for these cases. Other results, including comparisons with control children, will be published elsewhere.
Statistical methods. All family history and family composition data from the case-control study were corrected back to the date of diagnosis.
The strength of association between the proportion of cases reporting a positive family history and the background population incidence level was assessed using Spearman's rank correlation coefficient. In the analysis of sibling history differences in the distribution of sibship size from centre to centre were taken into account by the method of direct standardisation using the distribution of sibship size in the combined data as the standard.
Logistic regression analysis was used to assess the significance of differences in the proportions with a positive family history between male and female cases and between cases diagnosed in three age-groups. Separate analyses were performed for father's history, mother's history and sibling history. The latter analysis was restricted to cases with one or more sibling, and the size and age to sex composition of the sibship were incorporated in the analysis to avoid possible confounding. This was achieved by estimating the cumulative risk of Type I diabetes for each sibling using sex-specific incidence rates for the 0±4 year, 5±9 year and 10±14 year age groups derived from each centre's 1989±1994 registrations. Beyond the 10±14 year age group incidence was assumed to decline linearly to zero in the 35±39 agegroup. These cumulative risks were then summed within each sibship, log-transformed and included as a predictor in the logistic model. Comparison between the frequency of father's history and the frequency of mother's history of Type I diabetes was obtained by the Mantel Haenszel approach. This provided a risk ratio stratified by centre together with a test for heterogeneity in the risk ratio between centres.
Statistical analysis was performed using the SPSS and STA-TA software packages.
Results
Association between incidence of the population and prevalence of Type I diabetes in first degree relatives. Table 1 shows the prevalence of Type I diabetes in family members (parents and siblings) and the agestandardised incidence rate of Type I diabetes in children for the period 1989±1994. Figure 1 illustrates that there was a positive association between standardised incidence rate and prevalence of a father's history of Type I diabetes (r s = 0.70, p < 0.001) and prevalence of a sibling history after adjustment for sibship size, (r s = 0.71, p < 0.001). The corresponding coefficient for mother's history was smaller in magnitude and did not attain statistical significance (r s = 0.4, p = 0.10).
Age at onset, sex and family history. The prevalence of family history is shown in Table 2 for subgroups defined by age group and sex. The highest percentage of father's history of Type I diabetes was found in the youngest onset age group (0±4 years) with a stepwise reduction in the age groups 5±9 years and 10±14 years, respectively. The effect seemed to be similar in both sexes. No obvious pattern is seen for mother's history. The data in Table 2 suggest an opposite trend for sibling history, but this does not take account of differences in the size and composition of the sibship. Table 3 shows the results obtained from logistic regression models for father's, mother's and sibling's history with sex and age-group included as predictor variables. The father's and mother's history analyses were adjusted for centre, and the sibling history analysis was additionally adjusted for the size and age-sex composition of the sibship in the light of their potential confounding influence. A father's or mother's history was less common among probands with an older age at onset (p = 0.001 and p = 0.06, respectively), meaning that probands with a parental history of Type I diabetes were younger at onset. The results also show a clear (but not significant) tendency for the odds on a sibling history to decrease with increasing age at onset.
Comparison of the frequency of Type I diabetes history between fathers and mothers. The combined registry and case-control study data show that 3.4 % of the diabetic children (119/3540) had a father with Type I diabetes and 1.8 % (63/3558) had a mother with Type I diabetes. After stratification by centre, a risk ratio of 1.8 (95 % CI 1.4, 2.5) was obtained with no evidence of heterogeneity between centres.
Sex and the risk of Type I diabetes in the offsping of Type I diabetic parents. Table 3 shows that a father's history was more common (p = 0.02) in female probands than in male probands. In other words, fathers are more likely to pass the disease to their daughters than to their sons. No such effect was observed in mothers.
Discussion
Possible geographic variation in the prevalence of Type I diabetes among first degree family members of diabetic probands has received little attention and published studies are not directly comparable because of methodological differences [12±16]. Our study is the first large population-based international study in which uniform standards were maintained in the criteria for Type I diabetes diagnosis and data collection methodology to assure comparability across populations. It is important to emphasize, however that our approach ascertained the prevalence of Type I diabetes in first degree relatives through the probands (diabetic children) in the Eurodiab Ace registries. This method reflects the Type I diabetes status of first degree relatives at the time of diagnosis of the proband (point-estimations) and therefore the lifetime Type I diabetes risk could be underestimated, particularly in siblings. It is also necessary to note, that we compared incidence rates in children with prevalence rates in siblings and parents.
The first important finding of our study was that the variation in the prevalence of familial Type I diabetes across populations correlated with the variation in the incidence of childhood Type I diabetes across the same populations. Although a similar association has been suggested [17] based on the tabulation of published studies from different countries, our study is the first to show this association in populationbased registries from a broad range of European countries. These populations represent most regions of Europe with a wide range of standardised incidence rate (5.0 to 40.2 per 100 000). The geographical variation in familial Type I diabetes was just as dramatic (range 2.7 to 17.2 %).
The major contribution to the genetic susceptibility to Type I diabetes is conferred by the HLA region. The question is therefore, does the association shown mirror the prevalence of these diabetes associated HLA alleles/haplotypes in the diabetic population and in the background population of the various countries or is it independent of the high risk HLA alleles/haplotypes? This question cannot be answered in our study, but an earlier ecological study suggested an association between differences in incidence and amino acid variation at position 57 of the HLA-DQ beta chain [18] . The ongoing Eurodiab Tiger project will provide HLA data for a number of European populations. Odds ratio meaning the odds of history in one subgroup of probands relative to the odds in another subgroup e. g. female vs male
Age at onset is an important risk factor as far as long-term morbidity and mortality are concerned. Young age at onset is associated with earlier development of nephropathy, cardiovascular disease and increased mortality [19] . Children who had a father or mother with Type I diabetes were younger at onset and children who had a sibling with Type I diabetes have tended to be younger at onset compared with children with ªsporadicº Type I diabetes. The published data on this issue are scarce and controversial. American [20] , British [8] , Danish [21] and Hungarian [7] studies showed a younger age at onset among familial Type I diabetes cases, a Swedish [11] and another Danish study [22] found no difference between familial and sporadic cases.
A frequently published observation is that diabetic children are more likely to have a father affected than a mother [1, 7, 10, 14, 15, 21, 23] . Our multinational study has unequivocally confirmed this observation. The mechanism by which Type I diabetes is more frequent in fathers of Type I diabetes children is poorly understood. An increase in the paternal transmission of HLA susceptibility genes was suggested earlier [25, 26] , but a recent study of 172 multiplex diabetic pedigrees from the United Kingdom found no evidence for this [27] . It is possible, that an interaction between the diabetic mother and fetus takes place which provides protection for the offspring in later life.
The other interesting, but more controversial aspect of familial Type 1 diabetes is the possible impact of the sex of the offspring on the transmission of the disease. A large prospective Finnish study [10] reported that the risk of Type I diabetes tended to be lower in the offspring of the same sex as the diabetic parent. In a Swedish study, [11] a difference in the female to male ratio of diabetic children with paternal or maternal Type I diabetes was found. A greater Type I diabetes prevalence for sons compared with daughters of diabetic fathers, but no sex difference in the prevalence of Type I diabetes among children of affected mothers has been found [24] . Our study adds to the controversy in that it confirmed the increased risk of a father's history in a female patient with diabetes relative to a male patient. The risk of a mother's history was, however, the same in male and female patients. The preferential transmission of Type I diabetes from fathers to daughters is difficult to explain. Genetic and hormonal factors can be hypothesized, but their possible contribution and the underlying mechanism remains speculative. No diabetes susceptibility or protective alleles have been mapped to either of the sex chromosomes and a large proportion of diabetic children is diagnosed before the pubertal spurt of sex hormones. Clearly, more population data and a large number of affected parent-offspring families are needed to evaluate with sufficient power the role of the sex of the offspring in the transmission of Type I diabetes.
Our data demonstrated a positive correlation between the prevalence of familial Type I diabetes and the population Type I diabetes incidence rate over a wide range of incidence rate. We have also found a younger age at onset in familial cases and provided evidence for a preferential transmission from father to child and particularly from father to daughter.
